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Perry  R.  Stout,  Washington,  D.  C.,  ana  William 
J.  Toll,  Cambridge,  Mass.,  assignors,  by  mesne 
assignments,  to  the  United  States  of  America 
as  represented  by  the  Secretary  of  War 

Application  October  19, 1945,  Serial  No.  623,409 
1  Claim.  (Cl.  343— 120) 

1  2 

This  invention  relates  to  radio  object-locating  when  this  displacement  is  used  to  cause  the  an- 

systems  employing  conical  scanning  and  more  par-  tenna  to  be  directed  toward  the  target  lnsta- 

ticularly  to  the  reduction  of  errors  in  the  inter-  bility  of  operation  is  introduced.  In  such  cases 

pretation  of  the  amplitude  modulation  of  echoes  where  the  indicated  displacement  Is  used  on  a 

returned  from  a  selected  target  In  such  a  system.  fi  C-type  Indicator  or  on  a  crossed-polnter  type 
In  accordance  with  conventional  practice  coni-  meter,  the  aforementioned  phase  shift  produces 

cal  scanning,  that  is,  searching  a  prescribed  cone  an  error  in  the  indicated  position, 

in  space  by  rotation  of  a  radiating  device  the  ma-  It  is  an  object  of  the  present  invention,  there- 
jor  axis  of  the  field  pattern  of  which  is  angularly  fore,  to  provide  a  means  whereby  the  error  in  in- 

displaced  from  the  axis  of  rotation,  is  used  to  ob-  jo  dicated  displacement  is  eliminated, 
tain  information  regarding  the  position  of  a  se-  For  a  better  understanding  of  the  invention, 
lected  target  relative  to  the  axis  of  rotation  of  the  together  with  other  and  further  objects  thereof’ 

antenna.  This  positional  information  may  be  used  reference  is  had  to  the  following  description  taken 

to  indicate  the  relative  target  position  on  a  cath-  in  connection  with  the  accompanying  drawing  in 

ode  ray  tube  employing  so  called  C-type  presenta-  jg  which: 

tion,  to  actuate  a  crossed-polnter  type  of  meter  Fig.  1  is  a  block  diagram  of  a  radio  object-lo- 
for  indicating  such  relative  position  or  for  caus-  eating  system  employing  the  present  invention: 

ing  the  radiating  device  to  point  In  such  a  direc-  Fig.  2  is  a  detailed  wiring  diagram  of  a  portion 
tion  that  the  axis  of  rotation  thereof  passes  of  the  system  of  Fig.  l  illustrating  the  present  in- 
through  the  target.  In  most  of  the  above  enumer-  20  vention; 

ated  cases  the  amplitudes  of  the  several  pulses  or  Fig.  3  illustrates  certain  waveforms  pertinent  to 
signals  reflected  from  the  target  as  the  major  axis  the  present  invention;  and, 
of  the  field  pattern  rotates,  are  modulated  in  pro-  Fig.  4  illustrates  other  waveforms  pertinent  to 
portion  to  the  distance  of  the  target  IS  from  the  the  invention. 

axis  of  rotation  and  at  the  frequency  of  rotation.  25  Referring  now  to  the  drawing  and  more  par- 
These  modulations  can  be  detected  and  integrated  ticularly  to  Fig.  1  thereof,  there  is  shown  a  radio 

to  provide  a  direct-current  potential  which  is  a  object-locating  system  comprising  a  transmitter- 

function  of  the  mean  value  thereof.  By  com-  receiver  II  electrically  connected  to  an  antenna  12 

parlson  of  the  resultant  D.-C.  potentials  obtained  which  is  caused  to  rotate  by  a  spinner  motor  IS 

from  two  opposite  quadrants,  the  sense  and  mag-  SO  The  antenna  12  is  electrically  or  mechanically  ec- 
nitude  of  the  displacement  of  the  target  from  the  centric  to  produce  a  conical  search  zone  14  in 

axis  of  rotation  of  the  antenna  along  a  line  which  there  is  located  a  target  15.  The  zone  l« 

through  the  center  of  the  two  quadrants  may  be  may  be  thought  of  as  divided  into  quadrants  IS 

determined.  From  the  remaining  pair  of  quad-  17,  18  and  19.  The  output  of  the  receiver  por- 

rants  the  sense  and  magnitude  of  the  displace-  35  tion  of  the  transmitter-receiver  II  is  connected  to 
ment  along  a  line  at  right  angles  to  the  first-men-  a  brush  2 1  which  contacts  commutator  segments 

tioned  line  may  likewise  be  determined.  The  22,  23,  24  and  25  as  it  is  rotated  by  the  motor  13. 

quadrants  are  normally  chosen  so  that  the  dis-  The  segments  22  and  24  receive  signals  when  the 

placements  determined  are  up-down  (elevation)  antenna  12  searches  in  quadrants  16  and  18,  re- 

and  right-left  (azimuth).  As  is  well  understood  40  spectively,  and  transfer  these  signals  to  an  up- 
in  the  art,  however,  there  is  an  inherent  phase  down  control  circuit  26.  The  segments  23  and  25. 

shift  in  the  modulating  signal  which  Is  introduced  receive  signals  when  the  antenna  12  searches  in 

by  the  detecting  circuit  in  demodulating  the  trans-  quadrants  17  and  19,  respectively,  and  transfer 

mitted  signal.  This  phase  lag  results  from  the  these  signals  to  a  right-left  control  circuit  27 

storage  of  voltage  on  the  detector  condenser  nec-  45  The  control  circuits  26  and  27  may  consist  of 
essary  to  change  the  pulse  voltages  as  nearly  as  differential  amplifiers  or  other  devices  well  known 

possible  to  the  envelope  voltage.  The  average  to  the  art  whose  outputs  may  be  adapted  in  a  well 

voltages  are  delayed  by  about  one-half  the  pulse  known  manner  to  perform  any  of  the  desired 

interval,  noticeable  as  a  decreased  average  volt-  functions  enumerated  above, 

age  when  pulse  voltages  are  increasing  or  con-  go  Reference  is  now  had  to  Fig.  2  of  the  drawing  in 
stant  and  an  unchanged  average  voltage  when  which  there  is  shown  a  detector  31  connected  to 

pulse  voltages  are  decreasing  at  the  maximum  the  commutator  brush  2 1  which  is  rotated  by  mo- 

rate  permitted  by  a  proper  time  constant  of  the  tor  13.  The  detector  31  detects  the  amplitude 

detector  circuit.  This  undesired  phase  shift  pro-  modulation  of  the  video  return  echo  of  the  se¬ 

duces  an  error  in  indicated  displacement,  and  55  lected  target  15. 
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The  detector  3 1  may  be  any  conventional  detec¬ 
tor  well  known  in  the  art  but  is  here  shown  to  com¬ 
prise  a  low-pass  Alter  32  in  the  grid  circuit  of  a 
conventional  cathode  follower  output  stage  33. 
Direct  coupling  is  employed  between  the  cathode 
follower  33  and  the  commutator  brush  21.  Seg¬ 
ments  22  and  24  of  the  commutator  are  severally 
returned  to  ground  through  a  parallel  combina¬ 
tion  of  a  resistor  34b  or  34*  and  a  corresponding 
capacitor  35b  or  35a,  the  purpose  of  which  will  be 
explained  later.  Segments  23  and  25  are  similarly 
connected  to  ground  through  capacitor  35c  or  35d 
and  a  corresponding  resistor  34c  or  34d  as  shown. 
The  segments  22  and  24  also  serve  as  the  input  to 
the  up-down  control  circuit  26.  The  control  cir¬ 
cuit  26  may  be  any  type  well  known  in  the  art  but 
is  here  shown  as  a  differential  amplifier  consisting 
of  amplifiers  36  and  37,  the  outputs  of  which  con¬ 
nect  to  a  differential  control  41.  The  control  41 
may  be  a  differential  relay  which  is  essentially  a 
polarity  sensitive  relay  controlling  a  double-throw 
switch,  or  it  may  be  a  zero-center  meter  or  a  part 
of  a  servo  system.  It  will  be  understood  that  the 
commutator  segments  23  and  25  feed  the  left-right 
control  circuit  27  in  a  manner  similar  to  that  in 
which  the  segments  22  and  24  feed  the  up-down 
control  circuit  26. 

In  the  description  of  the  operation  of  the  cir¬ 
cuit  of  Fig.  2  reference  will  be  had  to  Figs.  3  and  4. 
In  Fig.  3  triangular  pulses  42  which  rise  above 
some  reference  line  43  represent  the  video  pulses 
returned  by  a  selected  target.  If  the  target  15, 
Fig.  1,  is  off  the  center  axis  of  the  antenna  12, 
Fig.  1,  the  amplitude  of  the  returned  signals  will 
vary  in  a  nearly  sinusoidal  manner.  A  solid  curve 
44  represents  the  envelope  of  the  amplitude  mod¬ 
ulation  of  the  pulses  42.  From  a  study  of  Figs.  1 
and  2,  together  with  the  indicated  direction  of  ro¬ 
tation  of  the  motor  (3,  it  will  be  seen  that  the 
pulses  42  in  the  time  interval  45,  Fig.  3,  are  re¬ 
turned  while  the  antenna  (2  searches  the  quad¬ 
rant  1 8  in  a  clockwise  direction.  In  a  similar  fash¬ 
ion  it  can  be  shown  that  intervals  46,  47,  and  48 
correspond  respectively  to  quadrants  19,  (6,  and 
S7.  The  video  pulses  42  are  passed  through  the 
detector  3 1 ,  Fig.  2,  and  the  resultant  waveform  at 
the  brush  21  is  as  indicated  by  the  dashed  line  49. 
The  jagged  waveform  49  is  due  primarily  to  the 
necessary  design  of  the  low-pass  filter  in  the  de¬ 
tector  31,  Fig.  2.  In  Fig.  4  area  51  is  the  area 
which  will  be  integrated  in  quadrant  18  under 
space  45,  Fig.  3,  while  area  52  is  the  area  in  quad¬ 
rant  19  under  space  46,  Fig.  3.  It  will  be  noted 
that  these  areas,  51  and  52,  are  not  equal,  area  52 
being  the  larger,  due  to  the  slope  of  the  discharge 
curves  49  between  peaks  of  pulses  42  as  seen  from 
a  geometrical  consideration  of  the  patterns  pro¬ 
duced  by  the  slope  whereas  the  target  15,  Fig.  1, 
actually  lies  exactly  between  the  two  quadrants 
18  and  19  and  the  areas  should  be  equal.  The 
inequality  is  due  to  the  loss  of  area  between  the 
modulating  curve  44  and  the  peaks  of  42  and  the 
slopes  49.  In  the  case  of  the  ascending  peaks  con¬ 
siderable  area  is  lost  whereas  in  the  case  of  the 
descending  peaks,  relatively  little  area  is  lost. 
From  the  curve  49,  Fig.  3,  it  will  also  be  noted  that 
the  area  integrated  in  quadrant  16,  under  space 
47,  Fig.  3,  is  greater  than  the  area  integrated  in 
quadrant  1 7  under  area  48,  Fig.  3.  It  will  be  ob- 
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vious  to  those  skilled  in  the  art  that  the  Indication 
of  target  position  derived  from  the  above  will  be 
inaccurate.  It  is,  therefore,  proposed  to  remedy 
the  situation  by  the  insertion  of  the  capacitor  35 
5  from  each  commutator  segment  to  ground.  There 
will  then  be  a  charge  stored  on  this  capacitor  at 
the  end  of  each  quadrant  which,  as  it  discharges 
through  the  resistor  34,  will  add  to  the  area  to  be 
integrated  in  the  desired  manner.  Noting  Fig.  4, 
10  areas  53  and  54  represent  areas  added  by  capaci¬ 
tor  35,  respectively,  to  areas  51  and  52.  The  area 
53  may  be  made  to  exceed  the  area  54  by  the  prop¬ 
er  amount  to  make  area  51  plus  area  53  equal  to 
area  52  plus  area  54  by  proper  choice  of  capacitors 
j5  35  (a — d)  and  resistors  34  (a — d) .  Due  also  to 
this  compensation  the  total  areas  integrated  dur¬ 
ing  spaces  47  and  48,  Fig.  3,  will  also  be  equal. 
Correspondingly  any  two  areas  taken  from  oppo¬ 
site  quadrants  when  the  target  is  not  displaced 
20  towards  either  quadrant  are  balanced,  and  no 
false  reading  will  result  from  this  inherent  error, 
and  correct  indication  of  target  position  will  re¬ 
sult.  In  the  illustration  here  shown  the  target 
was  assumed  up  and  to  the  left  at  45°,  however,  it 
25  will  be  noted  that  if  the  capacitor  35  and  the  asso¬ 
ciated  resistor  34  are  properly  chosen,  the  com¬ 
pensation  will  be  manifest  without  regard  to  tar¬ 
get  position.  It  will  also  be  noted  that  the  in¬ 
vention  herein  described  works  equally  well  and 
30  does  not  depend  upon  the  direction  of  rotation  of 
the  antenna,  whereas  without  compensation  the 
resulting  error  is  a  function  of  direction  of  rota¬ 
tion. 

While  there  has  been  described  what  is  at  pres- 
35  ent  considered  the  preferred  embodiment  of  the 
invention,  it  will  be  obvious  to  those  skilled  in  the 
art  that  various  changes  and  modifications  may 
be  made  therein  without  departing  from  the  in¬ 
vention. 

40  What  is  claimed  is: 

In  a  radio  object-locating  system  employing 
conical  scanning  for  the  production  of  voltages  re¬ 
lated  to  each  other  in  accordance  with  the  coor¬ 
dinates  of  a  selected  target  relative  to  the  system 
45  and  employing  a  single-brush  four-segment  com¬ 
mutator  for  analysis  of  the  signals  returned  in 
four  quadrants,  a  compensating  device  compris¬ 
ing  first,  second,  third  and  fourth  capacitors  re¬ 
spectively  connected  between  the  four  commuta- 
60  tor  segments  and  a  common  ground  point,  and 
first,  second,  third  and  fourth  resistors  respective¬ 
ly  connected  in  parallel  with  said  first,  second, 
third,  and  fourth  capacitors  whereby  the  average 
voltages  on  the  commutator  segments  may  be  in- 
65  dicative  of  the  true  position  of  the  target. 

PERRY  R.  STOUT. 

WILLIAM  J.  TULL. 
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